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Appendix D 
Trady Study 
Summary for the 
Liquid Rocket 
Booster 


Liquid Rocket Booster 
(LRB) for the Space 
Transportation System 
(STS) Systems Study 



(NASA-CR-183790— App-D) LIQUID ROCKET 
6 HOSIER (LRR) FOR THE SPACE TRANSPORTION 
SYSTEM (STS) SYSTEMS STUOY. APPEND I X D: 
TRADE STUDY SUMMARY FDR THE LIQUID ROCKET 
oOOSTER (Martin Marietta Corp.) 60 p 


MARTtN ftfjH Ft I ETTA 


N90-2860R 
Unc 1 as 

G3/20 0251 595 


L-004/jer 


MANNED SPACE SYSTEMS 



Trade Study Summary for the Liquid 
Rocket Booster Study 
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A-2 Expendable vs Reusable Avionics Summary 
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HYDRAULICS TVC IS BEST SOLUTION IN AVIONICS DUE TO MATURITY 
FLUID INJECTION TVC CLOSE SECOND WITH PERFORMANCE WEAKNESSS 
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A-4 Engine Control Trade Summary 
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Subsystem Integration I 10 I 8 80 10 100 
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ORBITER BUS TAPS IS BEST SOLUTION FOR LRB AVIONICS l/F FOLLOWED CLOSELY 
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A-6 Software Development Concepts Summary 
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ADA & C ARE CLEAR LEADERS: ADA IS PREFERRED BECAUSE OF ITS ENDORSEMENT 
BY NASA & D0D; INVESTMENT BY SUBCONTRACTORS, VENDORS, DOD & NASA; 
NATIONAL STANDARD; RAPID DEVELOPMENT & CERTIFICATION PROCESS. 



Propulsion Trades Summary 



for Pump-Fed 

Expendable vs Expendable or Expendable Less Complex System, Fewer 

Reusable Propulsion Reusable Engines Engines Facilities/Ground Impacts, Less 

for Pressure-Fed y Supportability 





































LRB Trade Studies Plan 

Discipline: Propulsion 



i-aciiity impacts 15 iu 150 9 135 8 120 9 135 7 105 6 90 6 90 7 105 

Env. Impacts 15 4 60 9 135 10 150 4 60 9 135 10 150 10 150 4 60 

Risks (Sched. & Tech.) 5 10 50 7 35 9 45 10 50 7 35 6 30 5 25 2 10 

100 750 865 830 660 830 710 770 550 
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P-1 Propellant Trades Summary (Cont'd) 

Reliability 

• Cryos Increase Ops Complexity & Take Larger Volumes 

• N204/ALMMH Poses Engine Chamber Reliability Problems 

• N204/MMH & LOX/RP-1 Are Proven Propellants 
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LRB Trade Studies Plan 































LRB Trade Studies Plan 



Subsystem Integration 10 9 90 8 80 9 90 10 100 10 100 

Facility Impacts 10 10 100 9 90 10 100 10 100 10 100 

Technical Risks 10 10 100 10 100 5 50 5 50 5 50 

Supportability 10 10 100 5 50 4 40 4 40 4 40 

100 940 792 620 690 652 





























P-2B Press. System (LOX/RP-1) Summary 
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LRB Trade Studies Plan 



Performance I 10 I 5 50 I 10 100 
















LRB Trade Studies Plan 



Subsystem Integration 10 10 100 7 70 

Technical Risks 10 10 100 6 60 

Supportability 5 7 35 10 50 

100 690 920 
















CL 

<D 

oc ^ 

CO Q> 

o E 

E 8 

© (0 

a 

„ a> 

O) OC 

c 


.II 

A*; c 

ml 5 ^ 


c 3 E 

.2 o-p 
■a ® 

2 oc © 


col m 


(r) • 

i 5 

I a 

I I 

s ui 

© _T 

ffl 2 
__ 

© CO 

&a? 

LU w 1 

o © 
© o o 
m — 

^ © 3 

o > © 

+* X *- 

x>Q> 


UJ © 

CO E 

o c 


>< © >- 
G) k- Q> 

Q 3 00 

C CT — CO 

o ® ©“- 

0 c s © 
_ « « 42 

1 Ss 1 

o = £.2 
CO o *- 

JbUo 

^ s. 0) 

g.xJ2ui 


S CO 
Q> 
<D L. 
</> o 

3 

(/) D) 

• £ 
b © 

< XI 

£ E 


© T3 _ 

m >*.£ 

© X 
CO • 


— 3 *> 

-- p © td 

It8 o 

© I “■ ® 

OC . 5 


Technical Risks 

• Electric Has Not Been Proven & Considered Developmental 
Supportabilitv 

• Hydraulics Requires More Maintenance & Training & More Spares 

LEAD SCREW/ELECTRIC MOTOR SHOULD BE SELECTED FOR TVC ACTUATORS 




LRB Trade Studies Plan 



Test Requirements 10 10 100 

Safety 5 10 50 















P-8A Exp, vs Reuse. Propulsion (Pump) Summary 

Costs 

• Engine Refurb Is 30% of Total Engine Costs; 93% Refurb Learning Curve 
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LRB Trade Studies Plan 



Test Requirements 10 10 100 10 100 

Safety 5 10 50 5 25 



















P-8B Exp, vs Reuse. Propulsion (Press) Summary 

Costs 

• Engine Refurb 50% of Total Engine Costs; 93% Refurb Learning Curve 

• Service Life of 15 Flights/Engine 

• Engine LCC: Expendable - $3.3B, Reusable - $2.6B 
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LRB Trade Studies Plan 



Safety 5 10 50 

Test Requirements 10 10 100 
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• Weight Penalty for Recovery System Means Payload Penalty of 944 Ibs/flight for Partially 
Recoverable & 2518 Ibs/flight for Totally Recoverable 

Safety 

• Recoverable Introduces Hazards of Ships, Seas, & Possible Recovery of Hazardous Material 

PUMP-FED LRB SHOULD BE EXPENDABLE I 







LRB Trade Studies Plan 



Safety 5 10 50 

Test Requirements 10 10 100 





















R-1B Exp. vs Recoverable (Press) Summary 
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• Weight Penalty for Recovery System Means Payload Penalty of 1198 Ibs/flight for Partially 
Recoverable & 9072 Ibs/flight for Totally Recoverable 

Safety 

• Recoverable Introduces Hazards of Ships, Seas, & Possible Recovery of Hazardous Material 

PRESSURE-FED LRB SHOULD BE EXPENDABLE 





Structural/Mechanical Trades Summary 
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LRB Trade Studies Plan 



Supportability 5 10 50 4 20 

Performance 10 6 60 10 100 




















S-1 Common Bulkhead Trade Summary 




Reliability 

• Common bulkhead less reliable due to mfg/operational complexity. 








LRB Trade Studies Plan 



100 1000 720 
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LRB Trade Studies Plan 



100 800 925 
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S-4 Unpress. Structure Construction Summary 
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S-5 Cryogenic Tank Location Summary 
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• No LRB Weight Impacts 
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S-8A Materials Trade (Pressure-Fed) Summary 
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2219 Has Well Known Properties & Large Body of Test Data 

HP 9-4-30 Rates Well for Weldability, Fracture Toughness, & Heat Treatment 

Molten Al-Li Alloys with 2% Li Have Caused Explosions in Testing (Weldalite-1.3%, 2090-2%), 

Concentrations of 1.2% Did Not Explode; Al-Li Scrap Must Be Segregated from Other Al Scrap 

| WELDALITE SHOULD BE THE MATERIAL FOR PRESSURE-FED LRB 
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S - 8 B Materials Trade ( Pump - Fed ) Summary 
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S-9 Aft Skirt & Tie Down Summary 

C.PS tS 

• Monocoque Requires Milling for Weld Lands 

• Additional Tooling Is Required for Monocoque 

• Additional Floor Space Required which Increases Facility Costs 
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SKIN/STRINGER CONSTRUCTION FOR AFT SKIRT & TIE DOWN 
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Performance 

• Wgt Penalty for Weldalite Means Payload Penalty of 8600 Ibs/fllght 

• Wgt Penalty f or Overwrap Means Payload Penalty of 3100 Ibs/flight 

WELDALITE WELDED CONSTRUCTION REMAINS BASELINE 
GRAPHITE/EPOXY TANK CONSTRUCTION WILL BE STUDIED DURING PHASE II 




